Introduction
The major source of radionuclides in lakes and dams is the weathering of potassium, thorium and uranium-bearing rocks and the subsequent transportation of these rock fragments by runoffs from highlands. Apart from weathering, naturally occurring radionuclides can be discharged into the aquatic environment through various human and industrial activities such as application of phosphate fertilizer in surrounding farmlands, disposal of domestic wastes and sewages into streams and rivers, discharge of industrial waste effluent directly or indirectly into rivers, mining of uranium etc.
Lakes and dams receive water from rivers, run-off and rainfall. Therefore, the radioactive mineral content of a lake will depend on the mineralogical composition of the catchment areas and the chemistry (pH, organic content and redox) of the rivers that flow into the lake. When hydrophobic organic contaminants enter a water body, they are attached to the particulate matter. This particulate matter then settles and accumulates in the bottom sediments. Consequently, sediment serves either as a sink or as a temporary repository for radioactive contaminants. Under certain conditions, the contaminants in the sediments may be released back into water and enter the food chain (IAEA, 2003a) .
In southwest Nigeria, many factories are located on river banks and use the various rivers as open sewers for their effluents. Prior to year 2001, when the Nigeria Nuclear Regulatory Authority (NNRA) came into existence, there was virtually no control of nuclear materials and wastes. Some of these factories, which use radioactive materials in their process flow, could have disposed the wastes, which may contain radioactive substances into the rivers. This may pose a high risk to the environment, if such disposal is done on large scale. Hence, the need to evaluate the concentrations of radionuclides in lakes formed by these rivers.
Many dams and water supply projects are constructed and operated in southwest Nigeria, to meet human needs. The first dam in the region was constructed in 1942. Most of the dams apply convectional water treatment methods. These methods are known to effectively remove a greater percentage of radionuclides from natural water (USEPA, 2007) .
A good knowledge of the natural radioactivity levels of sediments is essential for a correct assessment of the degree of pollution. Some radiometric survey had been carried out on soil, rocks, refuse dump sites and building materials (Farai and Jibiri, 2000; Ajayi, 2000; Isinkaye and Faweya, 2006; Farai and Ademola, 2005) in the study area. However, data are presently very scanty on the concentration of radionuclides in rivers, surface-water dams, lakes and tap water in the region and indeed Nigeria. The present study is aimed at providing a baseline data on the distribution of natural radionuclides in the artificial lakes for water supply in the southwestern Nigeria using gamma-ray spectrometry.
ACTIVITY CONCENTRATIONS OF PRIMORDIAL RADIONUCLIDES IN SEDIMENTS

Materials and methods
Sampling
The study area is located between latitude 5° 28 ' and 8° 30' N and longitude 3° 22' and 5° 46' E. This area like most parts of Nigeria is characterized by two distinct climatic seasons, namely the dry season from December to March and the wet season from April to November. The annual rainfall in the region is about 3500 mm. The area is also characterized by hilly topography; the hills are developed over the basement complex with their elevations ranging from 300 m to 600 m above sea level. The region is well drained. Prominent among the rivers are River Ogun, River Oyan, River Owena, River Osse, River Shasha, River Osun, River Ero etc. Most of these rivers flow across the basement complex cutting down to the hard metamorphic rocks and then cross the sedimentaries to the Atlantic Ocean.
Surface layer sediments were collected from twenty surface-water dam sites listed in Table I . The locations of the dams in the map of southwest Nigeria is presented in Figure 1 . A total of two hundred and seven (207) sediment samples were collected for spectrometric analysis. The number of samples collected from each of the dams varied from five to fifteen, depending on the size of the dam. They were collected randomly from different points within the lake of each dam, with the help of local fishermen. The sampled points could not be spaced out in a regular grid as a lot depended on the judgment and convenience of the fishermen. Efforts were however made to collect samples from different sediment formations in the lakes. The composition of the collected sediments include; fine-grain sand, gravel, sandy-clay, muddy-sand, muddy-clay and mud.
Sample preparation and measurement
For the purpose of gamma-ray spectrometric analysis, the samples were air-dried for between 2-4 days, pulverized and homogenized. The pulverized samples were then oven-dried at 105 °C until they attained constant weight. Three hundred grams (300 g) of each dried sample was sealed in radon impermeable, cylindrical plastic containers (8 cm height and 7.5 cm diameter). The samples were then stored for upward of 1 month before counting, so as to ensure radioactive equilibrium between the long-lived radionuclides and their short-lived decay products. The storage of the samples for this period is essential, because the activities of 238 U and 232 Th were measured by estimating 214 Bi and 208 Tl respectively (Singh et al., 2003) . Radiometric measurements were carried out, using a gamma-ray detection system consisting of a 7.6 cm × 7.6 cm NaI(Tl) detector (Canberra, model: 802 series). The detector was coupled to a Canberra series 10 plus multi channel analyser (MCA) (Model: 1104) through a pre-amplifier base. The detector has a resolution of about 8% at 0.662 keV line of 137 Cs.
A sediment sample (IAEA-315), with matrix similar to the pulverized samples was used for the efficiency calibration of the system. The same geometry was used for both the samples and the reference material. The counting time for all measurements was 36,000 s (10 hrs). The intensities of the gamma lines 1. Th, respectively (Chiozzi et al., 2000; IAEA, 2003b) . The minimum detectable activity (MDA) of the measurement system was calculated using the formula given by USDOE (1992) as:
where the MDA is at 5% confidence level, σ B is the standard deviation of the background counts in the region of interest, and f is the factor used to convert count rate to activity which include consideration of mass, counting efficiency, emission probability and counting time. The MDA was estimated to be 24.6, 6.2 and 9. 
Results and discussion
The activity concentrations of radionuclides measured in sediment samples from the twenty surface-water dams in southwest Nigeria are presented in Table II The ranges and mean concentrations obtained in the sediments from each of the dams surveyed in this study are consistent with the ranges and mean values measured in rocks and soil samples from different parts of the region by other researchers (Farai and Jibiri, 2000; Ajayi, 2000; Fasasi et al., 1999) . The high level of 40 K concentrations is associated with the granitic rocks, which is a common feature of the study area. In previous studies, Farai and Jibiri (2000) 232 Th in rock samples from Ikogosi (Ekiti State). It can then be assumed that the sediment samples have potassium, uranium and thorium contents similar to those of rocks and soil of the study area.
The overall arithmetic mean concentration was calculated for each of the radionuclides detected in this study. The means, as shown in Table II 
8 Egypt (Lake Nasser 1998) (221.6 ± 17.0) (15.3 ± 1.6) (20.9 ± 2.6) Khater et al. radionuclides were combined in terms of radium equivalent activity (Ra eq ). This radium equivalent activity is a weighted sum of activities of the above named radionuclides. The estimation of Ra eq is based on the assumptions that 10 Bq kg -1 of 226 Ra, 7 Bq kg -1 of 232 Th and 130 Bq kg -1 of 40 K produce the same gamma dose rate (Turhan and Gunduz, 2007) . The Ra eq is defined as: The mean values of the radium equivalent activity and the associated uncertainties calculated (using Eq. (2)) for sediments in each of the dams are presented in Table II . Ureje dam in Ado-Ekiti has the highest mean radium equivalent activity value of 255.8 ± 39.8 Bq kg -1 while the lowest value of 101.7 ± 11.9 Bq kg -1 is observed in Opa dam located within the Obafemi Awolowo University (OAU) campus, Ile-Ife. Apart from two isolated cases in Awara dam (Ikare, Ondo State) and Okinni dam (Oba village, Osun State), none of the samples measured exhibited radium equivalent activity that exceeds 370 Bq kg -1 , which is the maximum limit for safe use of the sediments (UNSCEAR, 1982) . The variation of the radium equivalent activity in each of the dams is presented in Figure 2 . The 10 7 ------10 130 ---------overall mean radium equivalent activity for the region has been estimated as 158.9 Bq kg -1 from the mean radium equivalent activity for each of the dams as presented in Table II .
Conclusion
The distribution of natural radioactivity in the sediments of major surface-water dams in southwest Nigeria has been determined using γ-ray spectroscopy. The activity concentrations of 40 K, 238 U and 232 Th obtained in this study are similar to those reported for rocks and soil of the area. It can therefore be concluded that the sediments analysed have potassium, uranium and thorium contents similar to those of soil and rocks in the area. The activity concentration of primordial radionuclides ( 40 K,
238
U and 232 Th) obtained in sediments of surface-water dams investigated in this survey is typical of uncontaminated sediments in different parts of the world. Therefore the study area can be regarded as an area with normal level of natural background radiation. It can also be concluded from the values of mean radium equivalent activity obtained in each of the dams that the dose incurred from the sediments does not exceed the maximum limit for save use of the sediments. The values obtained in this work will serve as baseline data for the natural radioactivity distribution in sediments of surface-water dams and rivers of the study area.
